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" ....Iu •••• of lis'" ,b<ooSh t •• oo, d '01.,10". Th.
•.....ft'"l••1 ...hall h ,be ""Ihol ., r. 10 obtd ..~
he. u .... ~II.h lIbr." •• rd•••f It eft, to
,be .1> .0. "ib< " 1••1_ .b 001 - 1<
••1.'1...
,flELI~l"~OY HUUCH
tho lIonero' ochne of 'ho ..w ,ue _'bod to ,. ,"pldly
.. ,coct th•••phal< ho•• ve'l.ed qwan<l'Y of He••lno••
01. "'01 • ,,,ndud ••••tit~ of 0.1 ,. n •• , •••• 'd
..., , hr ••d "0 tho ... n« pholt_I., •• nt oolo<lon
to d ' •• ,to uphelt 000'"0' and, heau, 'ho uphaH
ooo.. n< of 'h. oh. n .. Utrac<i"o Is pufo,ud by vlloro.,
0S"ac'o. of ,ho ,lxta,.-•• l .......bIOot'on to • clo..·•
,<•• "no •.
A •••b•• or prdhlo." ••,",Iona hod c. b. ano•• ,.d
du,lnl the d ••• 1•••••• of 'ho nov .......hod. 'heo.
In.l~d.d' tho op,l",•• "'rac.lon •• lvon" ,ho heot o.l.t'o •
... tln, •••hod, "0. What lollo". , , of tH,
pr.ll.loary ' .... «h. C••plo', d.... '. of .. ch <10n oa
I'''' to tho .pp<_.......pp.nd •••••
Sol.e.t £.l •• ,lon
Tho lin. Hop In tho ' .... 'eh ... tho .. loctloo of tho
a.Iv,., 'Oot woo bo.h .h~ .. fo •• , .nd had ,bo 1>0•••olubll-
"1 .har••• o<U'!o,. nvo HU •••", .olv•• ," wo<.
.!do<.d: "'b,lao. ,hlo<id.. nl.hlo,o"h,b •• ,




•ute of .11 1.,10. 10< 'h flv. dlff lvo.to uoo
dH ..otood by 0"'"1 upholt ood ••lvo.' ot tho 'HO, and
....~rt ••
". ..a.... ,.
'hr •••" tho •• lwUo.... <1 •• p....d. nto wo<k wao
,oputoe! 0,,10 ,bT.. dlfluont ••phol. " ••• n,. ond oa.h sol-
•• n,. 'ppond'.' <l..«,-.o .101••o,k.
n. o.Ivo." 'hot 41... 1•• d tho ..pholt ....oto In ,h.
ohon... ,I.. " ... , "'oh\Houh,looo Ond •• 'hylo ..
chl.rHo. Trlchloroothylon. "'•••• 1.0<0<1 fOT .0' In ,h.
rapid ,oa. huou of It. 1011100' bolHn, point (~I°C)...
hlah' bollin, polo. ,100010 <locu... ,h. ,00co.".. I.n of
, ...ocle 'opon in ,100 .Lt.
E.'.o •• lon Proeodo,.
(lot. ,100 •• Iv•• , woo oelo«od, 1. woo """"1 ••
do.olop ",fo«.T,. and ,.pld, .."0«100 '''''od. Th.
tho hod I. 00. In "hleh known ~o.n'i<'" of ".,y,.
ODd •• lvo .. are plo<Od In ••o.tol"u tho. I. tho. clo..d
ond .h.ku vIIO'O~.ly 0 ••• 11. of .~ Ion ~on'.ln••
aT, I<v•• in App.ndlx O.
An.n•• yo<labl. thot w.. <on.<".ud w...h. ,".n' of
.h.kina f •• od.,.o.......«1... S..nol .I"~... "u•
• h.ken fn. v""l0l l.nl.h. of U ••••nd .h••• pho" con,.n,
of th. 'Xtr.~t " .. m.... r.d ••• f~n<tlon 01 .hok.-tl ...
,hI .....bll.hod .hot ••• ,prl.lolly brlof .hoke vo. 'uff'-
<,.~t •
,I.d .....po<ll',.. , •• , <u""'ly coil h .....pl......
In .n. "'" of I~OO-1I00 ITO •• lor ,h. ",ndud n'u«'.n
, .. ,. In confo,...¢" with tHo, • 2000 .r" ...pl. 0'" w"
oholO' foe tho r.pl. , .. t. THo ..10.<10. w.. 010. boo •• on
,h..... of on ""OH'on cootol.cr .ho< woold b••no-
•• n'••'. Aftn 0 ••• o.!vbll1<1 'ootl, It woo found thot
2000 .L of "leblor.Hhyl••• va. ,h. , ... lud nOnH of •• 1-
V'n' for optl.....uo«loo of tho •• pholt e ... nt In 'h.
p,.'n, ""0''', Hone<, 2000 .1 of o.l .. n, .u .ood 10< th.
r.pld , ....
.o....,n•••Foo, d'll.,••• teChnique. f.r ,.pldly
upholt COntu' of 'ho n,,..et v ... • ,led. Ul of
"0
"0
... bod. d•••n. "p.n r'n' I." property of .tI. ''''Hud
oolu.l •• th •• to oohood with 'h. noo.' of upbolt
..... n. in ,h ••• lotlon. In ,hi, ph.. of tho .,oa.,,,",,
' ....«n ...... l.·••h.nt o.lutloo, of howo uph.lt con-
Un" WOTO p•• p •••d, and lOch .olu.lon woo ,abj.ct.d 'a ,ho
f 00 r difl ..oo' 'ochn'q •••.
co«darod with .h. known .. ph... caoU.' o' ,U oola"nn.
•'"
f On • dlff"'n' o.ly,ton p.op.,,'" ""ed wo t.,
,. SpHlft, G.ovH. (ou Append!.
".
,. V'oooo',. (I .. Appondl • .,.
"
•• f •• « ... tnd.. 10 .. Appnd!. " .
•• Abo.,bo ..o ., "'lk I (ou App.ndlx ".
Ttl. offl,e,. Qf .. c" .. thod In prodl'tln, to.
(On<o,,'
.I~". v .. lownd to b•• boocbon,••f Ill'" ''''Onlh 'he •• lw-
t I 0.0 •
..,1"'00 ~ A••h.l, Ce••• ,. ~ A•• r ••• t ••
nd D... lo...", of C.lib,., ••• Cn"o
Th. octonUol oft«, of .lfforios •• pholt. ... alo •
In ...tl .... d. Dill ..on,
'"
co .. o'" , Th...
dlftuon,..... ,ttoe 'b. <o".lotloo bou•••• ,ho .bootbonce
con,.,,, .
TtIe,efe .. ,
wolo, "lfforon< oopbol, ,on'oo<o \I ••• It to nJ. <11ft." •••
..... ••• ., OIphon en...
Lowron.ovill., 10.1'.0' oc_20 1..0 hoco. lIhitln•• 10.10.0,
0001. f,oa .... pbalt Mot.rlal, ~ •.• Indio.o.o"', [ ••,-
19 blnd.. (l II
ond III ,.,hco (lfS loeh ••• thO 01'0), and
,ord.. ,. lin. 0... 1010 Inrule,I •• hetou ( ... "ppo.d'. C).
lh. <or•• OJ blnde< and III .~rrH. u. tho l •• la.o Stat"
Dnp .. o,or or Hllhwoy.... i.uUono for ,1010 wl'h ......_
Ion 01...urn.oto of 1{2 ond 1/8 In,h octl •• 1y. ..
•• lihu'lon ".tv. (.h,.rbo.co or UI.' '0 ,hnlt <on',.,
or tho ol"o'o) "u ob.. ln•• for nch typo of •• phai. Cn•• i
ond to, each 'no 01 01.'0," (00. "ppondlx G).
All ,h. c.,v.. ohow......notolly tho ..... <.",.la,lon
b...... ,h. ..pho" COn ton, 01 'ho .1<'on an. tho ••••• -
'one. of III.t. n ..... lta vuo o. <10.. '.0< i. v.. n.t
hI< Oo<.....y to h •••••iff , ,.ll.r.tlno ,orvo f<><
uch .yp. or 01"0", .". of au, ond .. pholt co •• ".
10T .hl< , ... on, oil ttl. Val... "0" to .otoln 0 olnlh
,.Il ••••••o co". 'h ••••• n••• for ••,o.olnlnl tho •• phol.
eon'", of oIl ,h. n.'••qu'M pl••• Th" plo" "hleh , •
• o< ..1Ih, llno fo< .b•• ,Uoc h.l< coo<.o, or .n
.x•••••".l c~'vo f., u ••ul,coco. v•• uph.l, co.,"", ....
••<010•• by • I.." .qo.... fl< of 'h... Iy.. 0/ '.'0'.00«
of Hlh' on...ph." <o~,"o'. Th'. ,~, .. I. ,.1I •• ,h.
"andu. ,.11.,",10' '0'" .n. Ia .h.v. ,. F11~'" I ood L
I, la, 01 00..... po•• 'hlo rh" .,hot •• ph.l, c .
0' ..... 11..... ~1l1 0.' c.'ocU. "It. ,... colib lo~
<.,v•• Sooh .h,o'" will r.qo'" • "por". Cy, hlch 10
... lIy 1.0...... "Ich • '.W lob.,",O,y u' n ....
col'.<ottoo co, •• co." ••••10•• 0".1 L." "I,h .,
10....h ... p.lnto. 1< io ..c.u•••• ~ , It 'h...qu'«d
•• phalt cont,nt to, the t,p. of .t>tuto to h.
known, tho polo<o .ho~ld h. clo.. to 'hot ."helt
10«.... 'h. ",<uu<, of 'h. oolib'atlan ou'v•.
,"",.d ..
cant.o, to
I ..d abave fofO tb. ha.l. 10' tho tnt ... bod 'hot "
p,o.,ntod h.... Ao .lfl,lont ,ol.on, w.. Id.0<1I10d ond
fo" -.d .' •• 10 .o.no fOT ,,'''<<1''1 e.d ••0l,<1.1 'ho
..ph.1t co ... t ".,. d••• lopo" Th "OTe thon o ..Ho. to a
'HIo.y of .yplcol .l.'u,,, '0 d lop a collb,.tlan cu'.o.
O'ho< p,acodu,.. ollh' yield .0 oquolly lood c.l<b'''loo
Ou<Yo. Houo ... , tho on.. 'h.. wetO .. Ioct,d hoY, 'h••h-
,~.. 0'· .. lnl both oloplo and lnoxp.noho. Tho <eO( ... hod






















































































"UPI. ASPHALT CO~1EN1 tEST METHoD .KOCOOUH
Thlo •• <t(OD .0 .... _••HUaO, ,.0 ... 1010 ..d p, ••• da ...
10< dotonl_lnl tho oophalt <on,on' of h.'-ol .... loa " ..-
taUO. h"••t!QD of 'ho ••phol' 00".' io u'Clod DU' "i'h
'rlch1o,.o'hylou. no ......toIiO of 'u.ul, .. d Illh.
,h'QUlh tho u'TOc<.d oolotlo. 10 ..... '.d oDd o.".Io<od
wHh the ••phol. coHO.t 01 'ho .luoTO aol'i1 'ho " .. dord
.0I1n ... lon Out •• ohown 10 HID," 1.
[. "gUIPHENT
lahooo o. who••• hov'"l an
0.01% of tho ...plo .....
., 1....
2. Raeh "opho Ho<l.l n-IOO .. I,h lood q".IHy




"I, .ith •• pot f1lltnl hulb
•S. Pip.. , 10001, wl'h .lp., fjlllni ~ul~
Ii. yol•••••10 flook, 2000 .1




Tri.bh .... '''rl.... teebolul ...... ..
.... Ie ••• ."o~U be .. c. nl, .ad... h ..d or 10 • wou-
.... lle'ad or... n. _.lowo ,ccopU"lo .08 ....... \ •• of
.. p.' for .. I lou' u'."" to r.p"".' to .. 100 ppo. I,
.houl••10. W pip." •• "I<h ••lp .. f<lllni b.lb or 0
4Iopo.".1 plpot.
lit. nOClDUU
,. A •• p ,10 or ,I. Ill ••••• h" •••• • ">
... 11 .. ,lac" If ...
,. ..p..... "I<I •
• ponlo, 1<
...d, no·'
0.._1. .. _ or
tIlO"C} uUI It ea_ 100 10 ••
>. P,.I4••h ...,10 I I.", •••rod " 00.01
110"_ 2 k, 10" '"0 actloo coo'ol .
pO,,,,
.., no<. ... '0 bb., O-rIOI
ploc. thc Hd .0 ,h. COn•• , .... ...
....... • 110 ..... <tl ....... Ia.. ond "co" 'h dup.
'.
"
elo•• 'h ~l..... h. boof •••
'r .
". OnrO«'n
•• hU <ho 10 ..,. th _ul rlol. "'U ~ hod.,
... to.. « h " v«~ (HI., _ _., { .. ,
.... '.1 uc U .. , ..... " "'co ... to. un•• I •
..... , .p' , 1<100. h,u. ,'I••,ou<loo ••••• '10..
,,1'0•• ' .. , .
••
t~. Uud •• 1.. t I 'ho ....... , ••
.... no t. ,h 0 ••••
0'"
1hu oh... ld
1. hpu. tho •••klOI pr r. " .
I. "'0'. ph 0<10. cuul .. , dO 0••oo .
• , .. 'h 010 100 to .. I .... th p u •.
t ....... 'h _ .. I rlol od t •• 114.
lD. T.t. ......,10 .f eM « •• up•• 1< .. 1•• , ....H.
tb l -.I ,1,.. _. h Iloo10" t" ... h .. ., th U10U
n' po' I< to 'h ..... ll fl....
Ll ••dd 100.101 .. lcUo...... o" co tho f1......10••••
100 .1 pi,......10 ••• r I'.
IZ. l ...ol •• 0....f 'ho dll 10,1.0 to ....o«rop.o-
....... coil, on' ,I It .wlco .. I,h tho 'olotlon.
Thea fill" ..110 lb. '.'utl •• 'b.... '. "" , .. t.d.




1•. Adju", tho .poct"p•• ,,,.,to, to O~ "ono., .. I"n .It.
,h. l1~h' p.'h hloch•. n. to 100' "."u1... "" ..".
,h••• r••"lout. Ie... , tho odj"oth. op.,.,'on .,
, .... ,wI co.
l~. "oco ,h. coil wit. tho ...ph .ointi". i. ,ho .poo«o'
photoU'e< and ••••• r. '.0 ,u... lOUnc. <>f 11,.,.
IV. CHCULAHON
Hod tho p.roo."," .1 ..phH '0 tho or'll.ol olnwu by
on,.rtnl 'ho ,ollbrot!o. "otvo, ril"n I, with tho ••••• red
te••••t".",. ond rUdtnl 'ho <o"eo,ond'n, •• pholt Oon'O'"
fr •• tho other ""_
V. ACCUUCY
lou. are no' enool. dO< ••vellahl. <. prodlet '"0 proo,01o.
of tho too' ..thod. THo ~" .. "on HO no' uplioltl, ....-
ho. In .hlo ' .... «b. _own... when 2-J du.lteot••••pl ••
"HO pr.paro., ,ho ...... <04 ••pbal. Oon'"'' , ..<ly .,ff..o.
hY ..... th .. 0.11. And. thOy no.o, dHIe«. ~y .0<0 'hon
o.n. Th~ HaCh Ope<UOph.,O.ctec coo "" «od <0 ,h.....u,
It « ....I« ..c.... chonl~ to ch~ , .....it'.nco of IIlh' of
• 001"'100 II cn"upoodo
conton, of 0.11.
<onlhly to 0 chon,. 10 ,no
"fl .... ). '.e~ S,oc',o._otno, •• "04.1 nt_IOO
"FlELO fUTS ~"D OISCUSSloN or RBUUs
ThO "Ow 'oo, .. ,ho~ " ..... ! ••"d by 'u"••••pholt
ah'ur•• , In 'h. flold, .t .1. pluto, I ••rde. '0 dO 0.,
...u.l •••holt .1 •• ,. 1•••• 0d I. ,he u'o'ol', of ~ .. ,
Loh,."., todlone "e...,.Hod. a. pion •• "or•••1o«od
oolel, bHO" .. thy wHO loea... nea,by. Thor un. ohl •• d
"no. 'ho, weu prOdotln, .IUere. lor the "toto. Tht. "eo
dono o. ,hat <II tHt c.o.nloono tould b. ..de b....... th
St ... •• co«..' toot •• ,hod ond 'he ne", footo< .n.. fhl>
work u. dOn. doHn, tho Tall of lU2 ond .h. 5.00« of
19&1.
hoducHoo rH .. "' ,he plooto woro oo<h n •• , tho 5<ot,
'.opeo'''' , ... ly 'ool< O.TO tho. 0 •• ouple po< doy. THo
0100 ..... t ,hat ,ho """ _.hoc! eoold only"" ""d •••0 0
do, ".'0 'ho objo« w... 0 .buh • dlceet coop.. lo.o of
,t1 .... 0 _thod•• funhera.u, flold .utlnl"" , .. ,.Ietod
, •••phoh conn' .1 ..",... hulotfled ...halt _'"U'''
..... 00< , .. ud. TH. <o.b'not'on of <'«."'''0'' .un,
,hot «1.U.. ly lew 00_•• ".0.. wu. po..nlo.
Th. ,ro«..
(.,prut-o'oly 8





follo.... ~ .up I.
• dollvery
"("'P'«O" 0". pH' of 'ho ' ..pl. (l~OO_ HOO 1<0 •• ) ....
'0"04 by 'ho In.po<<o, .oln, tho ",.. ', ",""dud u,,"c-
"." .Hho~ (AST~ 0-21/2, Hothod Ell ~.lnl '''hylo"o
chloT'" ond 0 "Ho'" "",«0<. An.'"" p." of tk" .."ph
("Ut'y 2000 I .... ) .... t.,to" by 'ho auth"T o.lnl ,h.
upld teo' .. 'hod. Th. dllf«.... In "Hlna ,I .. v ..
• pp<ochhl., 'ho ".nd..d '""' t.ok '5-bO .'no' .. , tho <-pld
... , (.M no 0 ••• than 10 .lno .... aod f ••~".otly I .... Th,
•••u1to .Halo•• Of< 'hown In Tablo I.
ThO d"'I" ..,bal. '00 ,on. 10 'he ••po«.d val .. o In 'ho
.... How .... , 'hI...1.0 ... y n.t .... 'ha '010. for 'ho 0"
...plo owlnl '0 ""O«On, ,. th pi.., op.,.. 'o.. Th.
T.,.l<. obt.ln.' by 'ho S Inop'COo, 010. Uy .,,, .. th.
tr.o con',,' ",,"au" 01 plinl ond ,.''In, «'OU. Fonk-
...oro, on u" oceo.lono, It wo......n. 'hat 'ho tnopoc-
'0' ... no. followlo. tho ASTM .. thod .. , ••ord. tn. drylnl
of tho .. , •• «.d .U FIn.lly, ,h. v.lu.' obtoln.d
wH" tho o.w .. thod .u .1.0 .UbJH' '0 ."011°1 and oxp.t1-
..nul 0<.0••• nuetoTO, It 10 I.po.otblo <0 ..y Whl<h, If
any. 01 tho <oluoo. In Tabl. l upunn.. tho [fU...ph.U
<on ... t.
Th. v.lu.. in Tobia or Ily w.ll ",,,.01.. 04
with ,b. v.lun "oootod f.o. the .1> d"'I., ••d wI," 'ho..
• bt.t •• d by th. St.t. I •• poet ••. h.wev••• ,h u .....
volo .. thot &t. ,1.otH ••• tly dlf/o ••• , (ul dllfortnl b,
.0'. th.o t 0.41) ft •• tho d.,t •••• phalt eo o< .ndlor tho
"hbl • .. 'hl~ ru, Iud..
~UYUU DEUCK ...n ..~r "snAllUn "PULl O;O~Tln n con"! n




".} >.' > ••
•• > > •• > •>
> • > > . > > . >
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IUU..CI
.. , >•• •• >
.. , >.• •••.. , ••• '.'
•••
.. , •••
"Sto" too. ruul<. The .. ,. no ob.lho .... 0. for ,h ...
d<ff ..n' .u.1<o. Thoy .l~h' "avo ".n ~." ..d by otTo,. l •
......\nl tho .0Iu_ of ,h. u.««od .0Iu,100 (1.1) whl~h
..... '0 b. 'h••0.. "1<'ooj <top In tho prQud.,•• Or,
'hOy." •• nly UpH"", ..Ott .. thot ono _11M upon I••
,oopluoly no" tOO, _.hod. Tn••• 1.00 'n hbl. lor. ,h.
flu. 10 ,I ... ,Il .. tHo 'Ut u.hod hoo .y.. bu. u •• cI ".,-
.1 •• of • lobou,ory.
Hmlner, tho now ... hod·, 'u.lt..... ou/floto.ely
woLI corrol .... "It" 'ho o,h " .. t .. of tho uphol. 000-
tOM '0 Indlu •• ,h.' tho ,opld thod tlo. <o•• ld.ubl•
••d, .n" p....... 'urthOT, tho ..100. w,,, oM,'no_ In
'opro.'utoly OH tooth tho " •• of tho odud ... t.
Tho", 10 an ac'.ol 'utlo, oHu&<1.0, • ucood , <oold bo
ron qo,cUy I. tho ..on' of • dlopOT". '''ut, Iro•• liu.
, .. ,. Thl•••pld «-<.. tin. 10 00< po•• 'bl. "Ub 'b.
oott.nt '00' .. 'hod.
I, ..... <lo .. fro. 'bo obove 'hot oddl,!o.ol , .. <l ••
b, Sto" In.po<'o<o 10 bo'h de.iublo .od joo<'H.bI •. lh •
... of 'blO r.,"., .hoold b. '0 ob,oI. 0 larao .ot of
.l.o"onoou. r ••~lu ho. ho<b , .. 'io.... hod•. ro< ,hl.
porpo" ""0" <ar••hould h......dood <0 lo.~," tho< 'ho
AS1~ • .,hod '" followed e'o<tly.
DISCUSSIO~ or UH"SlONS or TNS
RAPID TEST "UKOO
Th. '0~14 , .. , .. tb.4 4.v.lo~.4 .~.cillcd'y '0 ,."
ho'-o" bltu.loo•••I"un 4•• I<h .. ph. 1, ...... eod .Hunl
oun•• , ... "o"'vo<, cho po.. lblo uteo.l •••1 'be , ... ,. o,h.,
d ..... of oh' '.p.dlct.lly l.vo.,IIH.d, Sp.. lfl-
.. lIy. lb•• 'he, cl 'hot ..ete coo,'d.,.d ... n'
",.t •••• cO"""ol" ~n..... lly
fino .....101 (<flO0 ,lov.) .
•. "ecycl.d .I .... n ••
S.~l.'l••d A'ph." Kl.' .....
p.".n<ol· ••
Tho ..p14 t ...... hod d.d .0.....k "b•• ,h. hot ....0".
"0<. ,npo<.4 .. l.h .. pb.l ••moht •••• Tb......« con<oin.4 .00.
btodu 'hot 4tdo', 4'Uolv.. Th ,,""'" of I<.h' ,b,"••h
'h••olu,l ••••• V. ' ••u'" th ,. uror. 'Th. re.. on •••••
to b. ,h•• ,h...ph.lt .... lo'on. uo.4 vu' nO, coo.l.<o'y ...d-
bl. ,. p.re .«ch' ••oothyl ....olv.... A......tly. 'h •••• "if.-
tol •••• , " ...4 ,h. dlfflcul,y.
foTth.. teot. wen «"l.d 0"', .ldl••• o tho.. o•• 'loo.d
In A••ond" A, ~.tn....ho" u.loi"••••d • oodln.d .olv.. ,.
- II -
n •• p..lol ..I.... w....Ix ••••• f .. hHo....bylo..... ..byl
.I~obol. I. ".' ••I.d ".,b •••yl •• ,ro,o•• IO.. of .b. 'wo .00-
'00..... tbo ...dro .bo".d .h•••IUn. of I'Z .. b,1 .lcob.1
..d ISS .. I'blo yl... (.y _1000) ." doc ..
... 10 <..,10 .. 1, .. loU •• Ia..d ••• b II .
, .... U c.U.ruln < foe ..,"i< 1010••Ix ..
~.dd du.l.,.d •• Ix Il hoo. .." c••
c•••• " d••• lo,•• 10 .blo 10 <1 ••<1...
~ AI,T.,." ~I ••o'.'
"h•• 1•••11 fa d ' .. ' 1••
of , ..10•• IU h .1 <0 .h..b ..u ••,hl. co .
.... 10 wb al d. tbocdo .
• b. , 01 100 of •••••, ""'0' f.o••blO
.....1.1 .bogld h dlffl,gl •• 10 •• 10••hI <opld I<
" •• 'bog.M .h., ..boo .1 " d •• h 10.
p.oc "ould 10..... 1 1 " pufon.d with '''0
Ulf 101.' • bI fu.u 1•• ood on. 1<0•• bo.l.
o.,..n pooc ThO f ...u I. 'Hl.oll, .0 .. PO<OH thn 'bo
I T"I .. I .Ix.. "uc ud ..10. 'U .1 , •• od
SGS .. nd. "lOh .....1. co."'" of L' .•• J ••••• 1.3 ..d I.U
fo< <I••• ia .. f.u•••• la " d _.S, S.O, S.,. '.0 ...
6.U lor M.I..." 0 la•• I r h " .. to••d , •• ,
lo,r Io. ••• • r .f •••h ••f U •• coo-
••10•• f.o. " .. 30 d •••d r ••<1 oed ••••
... d ..d .. llb ..t1_ ,urn ("'." I) w 11 10 .
• 1 .
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Flu ~.u,I.1 In ~Ix,~,..
no fla.. t ponlon of 0 ",Ho,.'. '''''a''. (<1200 .1 ... )
an c.o .. tho uw , .., .. thod <G alv•• n Inwalid , ... It tr "
In,.,Ia ... "i'h ,h. Hlh< ".n..1<<onco of rho "'''.«od .01.-
tion'. If f'n. pHt'do..... In 'n o....an.,on. ,h. <,.... I<,.nco
of 'h••ol.tion-'••p.n.lon will b. low"•• and 'h. '0" w.1I
ylol ••0 ap .... n' ",ph. I, con'.nt 'hat 10 too hlah.
If thi. In, ..fa,in, fo«o< .. p,..oa', It <on bo doc octad 'y
.n Inc In t,.n.. lttanca •• 'h n. ,h. fino ,la.
Thl. w•• OOVot oho,.o. wtrh ,h. olx'o'" , ••n,,,. h.... All of
.h••ixtur.. ,ho' .. a •• t .. ,od .or ,ho Indlono .,ad.. ion apoctf'-
catlono th...all lb, a ......n of 4% ,.'-'200 ....H.l (A.paodix
0>.
Thl. lock of 'nt.d.ranco 10 ••p"" ly hac•••• th. p,"I-
d .. hov. tlo. <0 ..,,10 In bo.h th "o<rton <on •• lnot and In
.ho dlln.ion fl ..k. Supl.. or. Ukan n•• , .h•• op of .h. llnuld
in bo.h contalno, •• ono! ,hi. "alon would b. eh. flu. '0 hoco••
cl... of .0"1<10 •.
n. n... 'loo 01 In'''laranca"", " •• 10" ... aa •• ly wl<h
'h. followln, .... ,I .. n.. 511t ,h.. p tho 1200 .I&vo ....
• dd.d '0 •• U <r1,hlo<OOIh,l.n. In 'h pTOportlon••• wo.. ld
ni.. whan 'o.. 'n, .... tOn'Hnlna Iol flu" Th••olv.oe n •
•• 1, va,. ,h.n ,hOTO.a'\Y d, ••• , ••d 10 a .1 •• , nOT •• lly .,.d fo,
.hpo.. lnl .011, (ASTH a-'ln. 50•• of tho ".p",'on ..a. drown
off, "hila rh. _"" wo, In op.... lon. ood 11I... lately pl.co. 'n
...
_ H -
1."ry.o.. v.. .., '0 r .. d 'OOt
.u••• '"••"" wltb 'ho •••••olv.... W,," .h. '."'."0.. , •
... d 921'~ .oe•• d•• f ....h. coil .00 .hood In .h. I."ryu.'.
Th' ••• Iy. ,rod".ll, " .. '0 "t al ••• 21 .1.".....d r .. ,h.d
10D% •• 1, .ftor 120 .10.,••.
th•• b... l.d',,,u .hn fin.....OTIoI e .. 1••• rf ....it"
'h. TO."I ••. Ho".vO" 'h', .... woo ,. ox"... '00' In whloh .h.
f •••• "'OT' "'0..".1, dlo.o .. od. and in "h',h .0 ••",....'
o«"u.d prloT •• .".,. I .....1 ."'uTO ,h. rI ••• O'. n.'" .0
",.1' dlep'TO.d, ••d .TO Uhl, '0 ". pTO".'" I"H" .uro,.-
.10.' .h•••,,,1. "y,. ur. q.'ekl,. (S ,aad ,. p.o-
pOTtI ••" .0 'h••q •• ro .f ••• tlel. 0< •• 1, ry ,ho ..
... hod h", .""T01'y, •••• u1 ,01 ... d.T'., "hieh .... , n<
do.. oee."
he of .ho•• dlflau.ea., 'ho fl ••• , ••h••Ix,Y'" did
.0' l la ••• ith 'h•••., r ... l"O for .'''.r.. eo••• Io'., .or-
••• ' ..yn" of fl ••• (."h' ••,oelf<eorlo•••. Th•••••n .dd,-
,lon.1 .dv ' ••f 'h bod .Vat .h••••• 4ar roe-
.10. ".hod., I ••h I ""hod., fi ... eo. b•••• hod .".y
.nd •• II<.d •• If ,h., .O" .. ph.lt.
HO"""' ...,0"".'''' who .n .... 1.' .Ix'.,,' .h .. oo"tal.
l •• ,or ..0•• " of fl h •• 1d eboe' for ,o•• lbla I.tad.... ea
bal.r. y.l., .h ,.u""ted b.r•. Ch.ekl.," 11y don.
b, oboorvln, .ho It •••co of .n ,"rae ••d •• 1•• 10••••
fu ..«.n of « .... It .hoyld .0' I ••,..... If " do.' ••h•••• hod
- 26 -
will neo. <" b. "",d1flo. b, IlltHlol 0. to 'H,~uil' ••ttl ... or .
•• elele. HI.<u •••
...yel•••'''u ••••• , 0".'.'. 01., v.otb.... ..ph.lt.
10 •• 1•• ut •• l.l that ••o••v.y h.. pi ok•• wp I ..... >< ••• nd
•• juv.n''''il .ddl'l .... Any of th... h•• 'h. po"ntlal '0 lO,.t-
f ••• v"h ."bo< tb. ",,'«'0. p'o •••• "r ,n. II.", ".n.. l,-
t.ne. 0' IIoth.
Sa...... l d.' ••• 'nul"o. of .. ph.1t eo., •• , U.lnl <h. upl.
too' W.TO p.rlo ••ed ,. ,ooy,l.d ol"~ 10.11 00 .... tn.
dllu,.d •• , .....d •• 1.,100 ooo .. I •• d bl «Iel •• ,. '.'p••-
.10n. Tb. eoopo.l,'on .f ,h p."lel .. vu 00' d .....I •• d.
How.v... 'hey •• <tl.d ouch Iowly ,h.o wowld ,yplc.I, 'OOT-
.aolo, .lnu.1 ••«.,. Th p••• I ••• wHO dar•• " th fo ••
,he <un •• ''' .... of Hlh' w•• 1."••• C.n•• , •• n,ly. ,h h.l,
•••uo, T"uJr. oH.lo.d WeTO hl.hor 'han th•••••«d .. Iu ..
d.,.",lo.d by tho ....dard .. tr.ctloo , •• t.
I, ..y b•• o•• lblo , •• 1I.10ot. ,b. 1o, ••"'.". lO ...... ,.
tr....c,.Io••h,UTO' by !llt •• lo. wIth. o.n-.b•• ,hlO" polyo-
ul. fllt ••• 0. by onnow .. ,101 •• dlo.n<o,loo. I, uy .100 b•
•••• Ibl. '0 d.vol.p • dlff.,.o, e.llbutl.o cu.v. 1o, tb .
uterI., •. Th... pol.'. "or. nOt ....Io.d In tb•• 'udy p'
'0 ob.. ,v••h••• Toflo. Ill .. , did p,odw n ..... ct wHo •
•••00.lly I".noo. Ho".vor. t to, <oo,<I.d
••• orhlo ,. 'n Inrr Jnlly I.p.... n••p ,lo••••d 00'.
' ....". On .hlo 'u .."o. to •••d.d.
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IMPLElItNT.tTIO~ 0' 'tKt "'Pin ItST lInooo
h. "Pld '''', •• H .. i." now. 'PP"<O r ..dy loe lndi-
". u •• fOT 'oo,tn, ton •• ntlon.1 ~o,-.i. p..lnl .htw'oo to".in+
tn, .lther noT.. l 'IIto,at •• , QT .10,. Th. toot 10 no' , .. dy,
<u,uotly. 10' .ppllt.<loo '0 .lxoo tontoloin, uuloin ..1
uph.lta. 0' '0 'Hy<lod .1".'00. A w... wpuld hAY' '0 .....hL.
,h. noe.... 'y 'pp.,.'u", tonv.nt!on.l ,h..w.,.•• nd h.l.o.' ••
t'n 10' tho ..".«Lon, .nd. 'wl"hl. 'PO<"Op~QtO'H'" Th.
,.ot p,ot.du,. ,i •• n On p.,•• IJ-I& tould ,h.n h folhw",
Th••othod <.n 1>0 .ppll•••l'h,., ,h••1. ~l."t, 0' In ,h.
fI.ld at 'h. ~Ia<... nt '''0. In 'ho lotu .I'."lon, it ",h, b.
n.to.. ary '0 ~••• ,h.... n•••• IL.blo for var.ini tho .1. If it
h •• <oolod .00... I •• ly. "cou.. of I,....~l!ti'y•• nd I ... 00",
,~. 'oot I. parti<UIOTLy w.ll .ult •• fo, uoo by ...11.,. or,.nl ..-
,Ion' .uth .. <"to•• od towntloo lOT , •• tin, .h'uroo 'hat ,~,y
0",
Th. <allbTOlion to'" ,hat," p.... n .. d h.,.. " •• d••• lop.d
o.tni '~u. dlflon"t ••ph.It •. It" nO, known '0 vhat ..,.n<
o'h'" blod.TO, f,o. o,ho< ,ow«•• , .llh, dfa<l It. A UooT vould
h. woll ••• I ••d '0 oak••••• '.1 toot rl.wd Lo
A~pwndh G. w.lo, thw .. ph.lt ca •• n< 10 qu loo. Th ,.ot.
v'lI ."hor .orlfy ,h••• lIdity of th. "'0110, O"TV', 0' p,o.'d.
'h. "oo, with. nov <"' •• th.t .... Ild for tho .h'wr•• '0 hw
,utod.
"CONCLUSIONS
J. Th....~. npld too' _,hod <a. co,<o«l, ~H.nln. the
blo4.r conton, of ho<-.l. povln••,,,.,..... do with
uphalc c•••• ,.
2. £'o, ..... t (0< 'ho t .. , ~H.o' to 1... up... !,"
(appro.lu,ely HOO.OO) ,han .. i",l"~ ... ho4. ond I<
OOn ... good In the (\old wlt" •• e • lab"' .. o.y.
Th. , ..< " .. hod i. onafh«.4 ~y ,h. pu.. oco 01
ner .. l noon," of fin. ""OThl ooed In Indiana.





So Th. npld <oat ,.."hod a.p •• " utondoblo '0 .1 ....'l ••
• _.I.,rIed •• p~.l"
6. S••dal <.lIbratioft Co,",, (0< ~n".~.l <I«o..... eo.
<0. b.... iI. $.n.r.t.~ u.!nl '0 .. ', lo".




"I. "nul",_ J,D., F.I. how". H,\I. lus.ln•• J.A. Chino ••
JoN. Ho'''o, J.P. I.ottoo•• "~ A.E. Schutt •. "koplc!
too' ,..,h04. for Hold C".,rol 01 HI.""•• Co.o"uc-
lloo", NI."".y h .... eh loord hCo<d 10J•• p. 1-88(1910).
AStH h •• ".thod D-~l1l,
U,."',. Iro.. 11,.",100"0
4ud.. Po" I) (UIZ).
"Q... ,It .. in Ext'oe"". of
ravlnl H'''"'''" aeok el S... -
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and Aoph.1< H1K Tod.oolol1",
hcord 468, pp. 18_99 (l9H) •
H.E. W•••o,. "A•• h_"
Kla.".Y Re ...«h 'oord
• , lIordo., 11.1., "hal.HIM of. ~"I' s, .. Pyen••••• ,
10< 1I•• h.", Spo<1f1c Gr•• ' •• D.'o<_lnotloo,", ""och-
.Ion of A.pho" ''''01 ToCOMln,i... P.o<oodlnu.
Yol ... n, .p_ '9'-HI, (1914).
Huoh •• , c.s •. "no u.. of •
G...... S••c\o1 h,ho'.aj
2O-)J (19&9) •
•• 51<'101. H.Ch ..le.l.".
Nucloo' A••holt Co.,".,
" •• ltc-tlo' 41>1, AUH, .P,
"H... rdon. and Too« EH.e," of lnduHrlal
N.y., 0 ... Co<p".. loo, N.,. J.r ..y (1919).
Su, .,1 •• "O.niOCOu, 'ropo"'" .1 Indu.,r!.l
.to", hlohold .oo~ Co .• ~." York OH8).




h ....w'W ,w.h._4 •• w.... 'w •• I.u .k I ......
• Uk .k. f." <a•••f '.hUI", u , , ••_
,.nto. _••f II lff.......I ~ < 14 ..
•• .....H.' 14 h. ,k. _ ,~.... h .
.... 10 ..4 .1 •••u.lo••h u .f "l.' '.'_1•
•• a. -•• ,h'•••1 f f ,. , ..
... , ••h .. , Ufo , , •• p .
• h« " ... (I-In wi.).
Th •• , .. ~.lt., ... , un'.' ••• ~, ., ..... '.1 O.S
......f •• , •• " eo.. , 'SO .I.f .. , ••• , , •
......Ieol '''''.r: 'h. <a' ••r ,." •• WO' , •••
b, 1 ••• '4<TO , , lllh, , "," , ••
•• 1." 'ff ..... , •••• , 0, O.S, 1.0, I.S, l,C, 2.S,
l.O, S.O, ••• 10.0.' •• n. h OO • T ..
• , .....'UU..... " ••• 1 )sO ... At "0 •••
t ••• of 'h ,"U••••hl< co ,. ,no
".J'« 10 ••d .f ••••• , ••• , •.
,.......
"h •••••• (U&)
h«hlor ... h,I... ('C<}
1.1,1 1<".l•••oth... nc)
Tr,.hh, •• 'h,lo., (TeC)
~. p. lJl_HS"C






All tho •••• 1, •• r. ,hown ,. hH.. AI. A2 .,. AJ.
Th ...
• ~, .Il. lh • •••• ......'-••• h.1' <..0., p""
", .... ,,, Ira.h, •• l
,..
.."
<hlnTOOt., Io .,. f .. -
• ,.'" hno ,lao,' tho •• _ tot. of o.lo.,llt" ond b. t • .,
'0" at"
hoi ""1 • hll"" .."ltnl
., ,,,
'0' "'
_.eu... ,ho eoneoot •• th••1 '.ot. np•• In ."•• , •.
ovo r.
"
,h•• l....o"d ,hat to'" ••1.0.' •••• 1. b••00.
0.1, on... 0 hood O' In .... '1 "."Ia,.. or.. 0).
"T.~lo ". Sol""", to.. hU. ... ,h.I, A'-I r... to ..co
... ...
" " '"". h"l " " " " "
••• 100.0 100.0 IGoO •• lfloO .0 lOO .0
••> 10.0 n.s H.G H.S I' .0
,.. ., .0 U.S II .• II • a 1'-0
, •> )l.0 , •• 1 H .• ••• ••>... ., .0 10.0 14.' ••• •••
,.> n.o ••• 10.0 ••• •••>•• 1).0 ••• ,.. '.' >••
••• 10.0 ••• ••• >•• • •>LO.O ••• ••• ,.. ,.. •••






" " " " "
••• 100.0 lOa .0 lOO .0 100.0 1/10.0
••> 10.0 10.0 os . 0 H.O 11.0
,.. S•• S >•• 11 .11 ••• ·.', •> OJ .0 >•• 11.1 >•• ..>
,.. J& .0 >•• n.a >•• ,..
... 11 • S ,.. •• • ,.. ,..>•• H.S ... ••• ,.. ,..
••• il.S ,.. ,.. ,.. ...10.0
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TDIE ( .1" ,
"the "',a«l"o con,_lno, ,.ould b. mod. • du,.bl •
.... ' ..1.1 ••• U,k< .. p".. iH., •••• ,. h..dle, , .. Io,an< , •
.. e .. Iud tho .olvon.), ..,
"
•• ould .. ..ay '0 oul
Th. .i.e of ,h. coo,ol.er okoold b. ouch t"ot.
'bu. to en"o,h opac. to .1Io~ lood ... 101 •
'.qui'....... th...phoH , .. 'lnl con ••I.",
wUh 'h. 1011.,,10' o.o<1£1eotton"
h ••d On th ...
...
MAlUIAl ALUMUUM (Uc.o Alul "." li061
'"
CAPACITY 6,80> •• ( l. 81 '0' )
KlICHT 11. 21 <0 (1.)1\ ...
OlAMUH Int . 10.11 0- (1.981 ..,
nt. 20 • S9 •• (8.106 ..,
wEICHT j ,696 , (12.). ..,
Th•• l.oln." .ud '0 f.H1O .. o ,h. co."!." w•• "010-
•• n' to w.... How... r,
..do •• 1h L•
"nlo 10. n M.I •••~ h _ • v'J
the U co.l. M ...11, hdl.4 ••4 .hku vU_ h.40.
lt _ ~I... val .. h or'" <0 '.1.... ,_. 'u tool4.
,h In••• It I. ,hon 111 "1." II.
"APH~D1X C
sPEcIFic COAVlTY Of SOLUHO~S
~po<lfio 1,.. It, 10 ,h • .... of • unit voln. of .006-
".noa, 0< .ol.rlon, divided by tho .... • f on aquol yulna
01 w..... a ••pooHl, ., •• It, of •• phlt •• 10Uon, ohOolo
(S.C.- 1.0000)
d.l., •• ,byh ••
•••olbl. "ond.
...,.... with on 1.a.... of uph.1t e ....e .oncon't.. lo •
in tho .0Iutio. If ,he .ohaoc I. ,.1-
(S,C.-l,4)bO). I[ thlo 000<0 ... follo~••
It ollh' .... p... lOl. to ••• tHo .,.... ,y
f.< th" •• plo .....
n. oxt.o«loo p ••oeo onpl. of l ". of
ba••ho." .lu••o ond 1,000 .1 of telehlo'oo<hyl•••. $.1.-
tlon, fo< .p'''fie ITaV"1 too""1 ve" .<op.... by .1o •• lv-
lnl .ppt.p"." ...oonto of •• phol, c...., io •• lvont. Th,
.1>,.,.. vU' d'u.Iv•• "lth • Heho.lui ot'«" until .11
the '.pholl ,noo' wo. ,. o.I.'\on. Thlo op.... lon tool<
betv••• 10 ... B.,•• All th,.. up ... 1t co.ent. vu.
<....d.
Onc•••elu<len woo oe_pl.t.h dllOolv.d, It ".. pourod
In.e. ludoo<•• <,Undu .nd tho .pocl"< I'''''' v •••••• -
"<od vtoh • h,dr •••• o<. Tho .p.dnc Ir•• H' •• wo<o •••• -
urod wi<h • h~ •• o ..<u .t InU.nl. of 10 _lnu<O.....dln.'
..
"... 'ok.. nUl .....1I••• l .. v ....... I .. d. Th , ...I,.
Cl ..d Cl.
u,~.l< C.... •• Cr... •• •• ••(_tn' A.,hl< £o,k.l,








































"fo~h ". Ip.~lf'c C,,,,,, •• ...,•• L. hl~,louVOl •• ".pUl< At·' tru huu
n_ Specllie n_ li,..UI. n_ lipoclflc(.h) 1O...'t, hlo) lOu,lI, Colo I C'''l',
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"T.u. ". ',o<lflc C... lt1 d Ao,_.l< Solution
aoh....,holl .C-:O fr.. hoc"
,,- IpocU.c ,,- 'pecUle ,,- 'poclflchlo' , ...1<, (ohj G'..U1 hlol C••o!tr
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f'14'0 C). 1'0."" C•••'t7 .1 ... ,hol, 101•• 1•••
Go ... u,holl 4'·:0 !Tn uo"
"indlr••• 0 lood ,.lotlon,hlp be,~••~ th
of tho 001.,10'0 ond thole opoclfle .<nl-





• •• d .. ". 1.«0< ,. ,on.l •• , upld to"" It " ••
'h ... chon,.. -'Iht b. duo t. 0",., , ..p..... ,.
chanl'" and .hot 'hlo .ffect o"h' 1>0 .li., .... cl
epooHl. IUv'.y , .. dlnl woo 0.... 11< •• b~ dlv'",",
If eoen
I t by
... opoclflc 1,0.I'Y of th. pu'. o.Iven< at tho •••• 'u-
Addl"o.ol '0'" "GtO Tun In vhleh ,h••peeille ,'''''r
000-H ond n uphol<
J6"£ (2"0,
n...... r.d
tooto ., th ••• dlffH'" 'npo'",.'"
(21"C) one! 9'"' ()l"e), 1... eh .... , the op•• lfle 1'0'«1
"u ..... rod 0'0.1t ••oo•• 1y In tho upholt •• lotlon ond In
.ho PUfO o.I ... t. no ...Hol' "u......... ton .l .....
In'H'ol •• Tho r ••• It, "Olivo. In To.lo, C4, 0 and t6
•••
..
loblJ U. sfo.lf •• G,nItY of AI,ho" Iol~,tu• •••
m So _omt (reo Co 1m, ••,holt 4'-:0 feu
h,hlt IIo,u"lo ". T.., ••••• u .', (l'C)
, n •• S,pelfl. .,ooUtc






• l.HU I,U7S 1I."1l.. I.Uol 1.~"O '.9tl)
,..
"
1•• 710 1.__ o,,,n
"
I.HID 1.'910 •.nll
.. I.HOO I ...n O.9n..
.. I . '.OS I."OS O."ll
• I .... ' 1.417S o.un.. l.'UO 1....0 a.un
>••
"
l.'UO l • .,00 o.na
"
I ••US 1."'0 O.UH
.. 1.4"0 l."" 0.'502
"
I.U'S I,"OS O.tllt





I. H10 I •• , 10 0.9112
.. I,HIO 1.'US 0.9189
"
I. '''0 I • .,OS 0.9112
..
Tobl. ". 1,•• Ui. ~r"I', ., ~.phll Johtloo, ...h .. Jol ....... {tell ~.hl A.ph I t OC-20 fro.
....phl< M....1alo ,.. T.....u ... 10" (ll 'e)
, Tlo, SucH I. I ..ell "A,ph", (oh) C.nl'7 C'..I., 1 .. 10c...... ., Solo<ln ., 101...,




I .' ••s I.un 0."11
"
I. •• tS l,.sn O.flli






'.uro I.nn 0."".. I.UIO I.Hn o.tI~.






hbl. C6. S~O<llic C.. vlt, of ~.pb.1t Solutlo." ""~
Pure So vo.' nCE) U"hl Aoph"l, ~C-20 fTO.
Uphal< M"OT'ah Co. Tnp",,,u," 'loP (lS°e)
, Tlu SpocU'c Sp.cIf'c






, I • 40 1.4HO O.USO
'"
I •• 0 I.H20 0.'&'$
<0'
"
I • 40 I.H20 O.98H,. I. 40 1.4210 0."')
• I. S, I.HJO O.'J68
'"
I.H 1 •• no 0.'71)
,.,
"
I • J' 1 •• no 0.'175,. I • l' I.H20 0.'11)
, I • J8 I.UlO 0.9698
'"
J • l& 1.4220 0.910S
,.,
"
I. J8 1.4220 0.'10$,. J • J8 1.4220 0.'10$






•, ..- 0 0 rn;""0























C_. Ie.ti. of S,ulflc Cr..U, of ...,hl< SGh«...
hr. hl ...t (Tn) _.h ,hl< .(-10 ff..





..- 0 8 .'n



















~T lXlKT'D<'T ( •
,
cs. _.<1••1 S.octfle ~r••'" .1 A.,~.lt '.I.tl."







i1.11116 0 • min0
























06. RAtio of 5.00111< 0"'''7 of A,ph.it Solu'lo",
tou Sol_on' (tetl U"O& ...... 1' 00-20 f,o_
• •hph." .""'010 Co. Tu.orH." " r (ll 0)
,..
"Th I.".. <onlta .~ow <ht 00... 110(0. vHh tho
,~r 19... ' •• ,.<lfO Uy ~oo, ••t h tho .Uu-
tl hnhr, (ifhr 1 1•• ton U d.,
lor .In..... uh'lG_ n lhU 10 ••00 .
h 'hue CI. Thlo .0.14 uaoU U. "O.hock for •
fl Th.. fo •• , .,.<111< lty u .
.... .. j ' .....1. '0" fer .., •• h .0 , 10 .h
•• 1•• \ .
"" ,,- • 0'.z•>~ • ,.',
























._, cornnrr ( • >
... 1 •• 100 of lip•• tlie Guo .. , .l,~ T"'H"~"
of •• ,hol' Jol.,10.'
"APHNolx 0
VISCOSITY Or SOI,UnONS
HOOO_hy h ,he ... IHonce ,. flow of " flutd. Oither
l1q~ld ., , ... A chan,o In tho ••phlt C< ..., <GneuUaUon
to hllhl~ .IHOuO "'Hlol) i ••••1u'lon. aho.l" be lndl-
.0'00 by • <h•••• Ln ,ho .Ioeo.ity of ,ho .ol"<lon. l! 'hlo
<hon,o 10 o.ffldonc t. ~ ....0<.0. ond '0 .how "iff_rencH
'n upbol< eoocont<.tlono of tho .olotlono, <hlo puper.,
ollh, ...... ful for 'ho ".p(d , .. ,.
Tho vu<001'1 of "lllero.< •••balt •• lotiou vL<ht" •
<an," fro. n ,. 1~ v" .... 0'0 Only one uph.1< <•••• ,
wOO , .. ,od. Th. 1.. " ••• 0( •• ed w H•••e folllol boll
olooo •• ,or Nodol I. I< tho .' ••ooit. of Hqu' •• by
.o«ol.tin, tho U ••• boll ,.1< .. t. foil. co""...... " ..
Ln 0 liquid ,. thot liquid', oloo.olty.
ThO f.1liol Ue. wo d Hvo ,hOI fo. u.h •• Iu-
tlon and tho 0'."'. wo, .0 10< <.l<~l"lnl ,ho _10«""1
•• Inl ,h••o".f.et~ro<'. uplrle.l .~~atlon.




















~ .0 .. l. 00




























• hov that '100 "0'.' 10< ,.11In•• 1.. folio., th ..... '<end
•• ,h••"'0'''1 'v<V' . Th••• fo .. , tho p ..«led •• lu
• u dlu«ly wOold h. tho fall'., tim.: 0.' tho VlHOOh,.
10WOVH, the <O'VU ~o.·t ok"" ••ood rolatl ••• hlp b.,•• ,.
..... ". "0<00"1•• nd tho ... holt .o'<On< of
.. ,hlo proput, .. ..,
The rea••n •• that ,ho.o .. not 0 ,.flleio",ly lu,o
'"
'0'" ... 11
"Pholt In tho o.lu,lono oloo",lty
-, ...
..
Tobit Ill. Ylo<u1t1 of ~.ph.1t SoI •• Io.. gol ••
A••hdt "'C-lO fro. h,h.1t Mo< ..lah co.












••• ... 0.1'.., ,.. 0.19
..
'II~" Dl. V••••• I" of A••b~l, Solutio•• UO.o •






























FlIU" DZ. hUh. !lu. of uphalt So lotio•• Uo'"l
A_.hol, 0'·20 'TO • •• pholt Kat •• l.l. CO.
UHACTIH IN~tX OF SOI.UTlO"S
Th... t.a~<\Y. lnd.. of a Uo.ld i. th , .. 10 of ,~ •
•• l.d,y .f II •• , In. voo"". ,. n ••• Iotit, of Ii.h. 10
.... Uo.id. I. p'.v'Ou • ""'od fo< 10.ntlfylo. 0 o.b-
'''00', .nd ••• thoc! for d".uln'n••h. p~'i'y of th••• b-
••• oco. Th.o, a ~'.n•• in tho tOncont,.ti.n of "" upbolt
oolu.'oo oho~ld .hov • chu•• In n •••fTac.... 'nd•• of ....
• 0l~'lon. If ,h. th.n8' i. 8.... '.".8h '0 corr.I... ,h.
ooph.l. c".t.ne,.. ion of 'h. ool~'lo•• vitb Ito "fuc",,"'
lnd... thl. p'''p.rty .1.b, H .ufui fn ••h••• pIO ..0 ••
,..
vitbln •
,or ...tl •• indlto. "f Olffn.nt ••phal.
,onl' hoe U to J % vn 0.
o"lu.lon.
Only 000
oo.b.l, c .... n..... tu •• d. Th. '00.'••• 0•••od va •
• 1.0." Ahho-JL <of .. o.o...... I. v.. o«•••••y
dll~'lon "«.uu tho onlo.loo. on••0. du' t. h •




.f....h. p ..p... tion of .h. dllu.I"••• A dl'.tlon of , ...
..... , .1 "f o.ph.I, .0In.I •• pl••••, .f .01 .....
"The oolu'iQno "oro •••••nd .. folio".'
Asphal, cr••• ., Gr... .,
GOo'on< A.ph.1< hphlt




































Th. , .."It. HO ."."" 'n taolo tl ood &,opllloolly t. Pl.u,.
".
tabl. [I. Ieh.<tlYo Indo> of Aopho" S.lutiooo h101




















"T~l. ?ropo«, w.. dlfflc~lt to ••••• 'e. ri,.. , th,
oolu'lo•• "... '.0 dark to ob•• ln 0 reo~lnl In th ,.froc-
.0..... , and i. w" "«.. aery '0 dil"," ,b... furth.... <o.
'ho ".10,111., of ,h. o.lvon' w••• probl .. , n. ,.1.'10••
...po,•••d fro. ,h. "f .. c rapidly ••"""i' ho•••
b. cohn In o. 0.<0 rho. n on••• Tho .... ithLtr of 'b.
,alru'"..' .. w.. O.OOOS unlto, Tho .010 .. for rho oolu-
tlo.. vuo 00 010.. th.. "'.. not po.. lblo •• flnd 0 ,ood
<olo,'o•• hlp bnou. 'h... f,o", •• Ind•• of tho '010'10.'
ono thalr ••pholt oon'ont. Honco. ,.fa«l". In .......0«-
'0.« "or. o.o.',obl. for tho upld t ....
..
rtl~" El. hf"Ui•• Io~.. of Asp.olt hhUou V...,
A.ph.l, A~_2G I, ••••pbol' Kat.rlol. CO.
..
urUD11 ,
UIO"'U~1 OF lien IT SOUTIOU
n.. '~.. Iul ,ropo"7 of .. 1.. h ....'I •• h ,.o~'I,
t'. _•• vl~.I, h ....'1 1•••b••I •• l ...1, ... h
,h 111<, .f lah h .. I.U IIS0'. 'h
...... 1 U.hl' f ••h, ,.<1 f lI,u I .....H .. -
,I ..... 1'010 .. <&lId '.10 '. Vh••h II,••
• <II1 ..~ I. 10 th d"nt<>I•• , ••• _l.nlo u ••••
hf 'onl of .b•• p , h .!teo
,do.u po .. 'o,•••••• '".
I, h ...... '.awo for 0... ,ho ..... vl.h 0.0< •••• <l-
010 In ••1."0., tho 1.po"•• < 1... UfO wU' ".HCO •• ,h.
!tiM •••• r.U." L. ho.. ou, .010,,,1..... In , •• 11,••
'''', .0' IDd •••••• p•• 1<' •• In .n. II ••• p lhuo do.-
bllo, 'ho ,onuo""''''' of. 11.1"· ,lol h..
'ho .... .rio,... 0•••1\ •• ,h. po •• '00".,
Fo•• ,IYn coopawe II 1••••• ua po.'
lu." ho,k••• I II t ..,<I •• • f .~. c.oc~o-
".<1 n~•••10. of .boo<,,"oc. yo. co o'u'I ••• ,11 U







• 101 1, ••b,
r. ,,,.,,'uane•
• • tho obo.,.tl,H, of 'ho •• t,,'on. 'Thlo L.
I ConoU., do po. dan' on tbo ,,"vel•• ,t. of ,b.
'o<id•• , Iil~" ••d 'he aUo,. of 'he o ••• rl>l.,
.. tnl.l.
I> • lUI'. of ,1>0 H,b' po,. 'h'"OI" 'he '.loOl.n.
'n co
< • <._<e.Uatlno of tho ebootH.1 .00«hl.
Mo", .p.."o.ho, ... ,"," can Iodle••• olth..
u... lI, h.,,'. loY h 0.oy04, ond by o.,,'olnl • co 11-
I>'",'on Itve. oolutlon 'J.tn, whIch" •
", .. llh' I1ne fot .. vo. toneo.trotlon 0' uponontlal f., ~ T
vo. coo,on",,'.n, tho con.ant.atlon of On o.l<onv" ooh"'oo
LOy b. ob.aI •• d ('.0 tho .01< ••• <100 eo .... nor.foro ,
"
"0 uphal' o.lotio•• oboy ...... low, ••• Ubu<lon Co ...
ollh' b. obtained for aU In tho <opld .....
"h ,ulhlu., ' h " ••••ltt ..o. of 111~' v..
..... t., for .Iff , .., - .. h l.ot It. 2 ..
n •• phl< <00' ••,., h. , _ 1 , .,•• _
".p......to, 11... 1 no (... "' ilO •• J. tv. 4Iff.....
I nl.
n ....1.'10.' ..... p •• , •••••• hll..Ul
• .,bol< ,.... 0< Cr... .,
eontoat u,hl< h,bol.
., Ill .... '. ••











••• .. 2 • Oll.., .. l.a
>•• ". 2.)0>., ... 2,1)
••• m '.00
•• > m J.H
'", ... ).so
















.. ,hI< •• l.,l.o pin' p.... of "lohl.root.pl•••••0 l~n
...". port of ..,hoH .. 1•• 1 •• pi ... "p.r. of «1-
• , .011. w.. to .... I .. th dhet of .11... l •• on tho
..... Ito, ••oe..... • •• 1.,1..
..
yn~ .. 1 uOi•• rrou.
In <h ... , oftd 0'1 follow'n. 'UTO, 1<.11' 'un••"tonu
w" 'ho par.... « 'hat w.. ac,.olly 'OCQU". In •• dOT to
plo. ,h. ,.,.lto and ilH • HTOllht Hno, ,II •••10" ..u.
ThO .. ,., .. oho,," 'n 101110 rJ '"diu" 'ho< tho .. 001 .. -
'IOn' do rolh" lou'. Lo., this 10 01,0 d..ou".. od In
Tho .. I. no' ••<oat dlffuo.co ho<.ooo.,lIo .,.
of tho ... ll coli (dilutIon 1.9) ond ,h• • 0. of 'ho rOlol••
Tabl. fl. ohoorb,o,o of Lllh. n,.ol. A.pho', hi•• ! •••
aololl .ophol, .C·20 f,om hph.lt Mot.rUb Co.
hpbalt 5.. 11 Coil Iolulu Coil







o• L' .. O. , •














O. Jl .. O.H
'"' "
o,n .. o• l •























•• 9. , S
....... 11 cool I
.. ,
'" ~ ..guIO<" cool I
9.BS
•
ASPHALT CONTENT C lC )
F',~" Fl, Hoo.~.'.' of Lt, ... To,ou,. h .... " Sol",lo.'
U"'I A,.o.l, OC-10 Ito_ A••h." H., ••,.l. Co.
'"
r~<th •• to, .. wo .. ""de<t.ko•• ,In. dlfl , dll~t'nn.
lOT bo". coil •• Thoe ,hovod that onr bl. o••bfno-
ti •• of <111",1 •• and coil ol..."" oh •••• <oowl". Tb..
••• n' ,hot ,ho "Te ...... 1•••• ond "n,h ,hoapn, Ia". <.ll
.0.ld bo 0,,0 10 'O.loo«lo. with. aere dlluto •• In'!on.
Th••fhct or .. ,1o." .,.o'en,'.' w...1•• ".dlod.
10«•••••• 'ho wavelo.". fr.o bl0 no to 610 no .II,.t'.
dHU"" tho ".,Tban •• of tho ool.'hn••nd lh. "n.1-
tI.1<y. ro.....plo, tho followln, oe' of ".HI •• oto .o.d
two dlff,toM vuolo •• 'ho: 610 n' ( ...'lobl. eo • Ie, vol."
0.0,''''0.1. 'oun.,.,) on" 670 .. (tho lon"" •••• 100".
on 'he Turnn .,••<f.pho,auto,). Tho offoe. of dHIo,...
coil. " .. 0100 funbo ••• , .. tI.o .. d. In 'hI> « .. , ",
•• lu,ion. Were OXUHtod fTOO bltu.I."u, .'",ut....<t. dll-
fe.,., upholt <oo<Onto (ITO. 2 '0 Jl) p'.pa"d In ,h. lab.
[<, .. «IQO lollov.d 'h. p,o.adu'. ducrlb.d In uplD ASPUI.!
CDNnh! nSf MUhDD PlDCEOURE. Th..... lto au 'hov" In
Tabl. f2 and PI,.,.. '1 and rJ. DHIHOO' dll.,lwn. dun·'
,11.« 'h ab.u,ba"•• t ...hait .0".IHlnn. Dill .... '
va •• lon,'h. II •• dllteun'.
,Iono.
,., lin.. " to«.h-
,hu. '''''.A, a ,.,.1< 01 ,h. ab,orbonco 01 l!~h, wu
.o,d 10' dot, ..ln'na 'ha
A purtabla apo<"ophO-







voo'", lot lhlo , .. 'Ina v.... I ••e.o.
... , " ••• hnl'h of 6LO no ud .0... ".Il vlth • L co lllh'
p.,h. Th. o.locto<l dll.tlon woo hLOO, ,hi....n. I p." 01
••p"l< ool~"On pl.o 100 pO''' of ••lv.". Thlo woo ch ... "
o. th., 'he dlln,looo <•• ld .... do vlth 'vO plpHO.
Toble n. Aboorb•• co of Lllh' Th'o~lh Aoph.l, Sol~,ion.






































0 ••• .. O. l2
", .. O. J'
"








"n. A)oo,)..« 01 L1,., 01 Tv••Uto .... W...I"I'~'
T.r•••• AOp•• It Solo.I ••• I.,r•••• ' t •••























F3. n •• tbu<o 01 ~I,M of Two Dill ..... \loY.lo.och.
lb'"_I" .0'.01' 10111.10•••••••••• t ".'
n UnO., Kl".r•• U,'OI • Iol0lor toll
"rlUUA'IO. A'" HUlSe OF KOT ASrHAL, UVIOC MIXTURES
AND HHLorMUT or C"LIIHTlO" CVUE
,"p o n4
In uno ASPHALt CON1£Nt tEST HUHOO HoCEDUH.
", dHI ....< 0<
uphoH t. ftnd p... iblo h< ..£odol fac,or.
tho< oOold ol,.r .. ,.1". •• ,lab' .. <onol4ond
"C-20 fro. Atpholt """'010 Co"
dllfo,.. , 'y.oo .,
ond AP-j f,oo tooHO),
Tobia
cubiuH' •• 01
hod ond 1,••• 1 f<n Nod.oa AU Co. WoH«.,
.o<odol. O'.'olon_ .oa' Lafoy h~"n'
Cr.oh •• ",onO Iroo O.lph' Ll ..Hon. Ioc., Oolpo,. [nOI-
..,
".,.hlt c_.. a< AP-) froo hnu. Law".uollh. h4hu
upk.1< co_., AC-10 frn A_c... IIktth•• hU....
u,k." c•••• , '\(-10 f<n .... , ..It ,.....1010 C."
104, •••,.11., ,...._
IoU. 1;/ • ." "'hit , ..h, ~ln••u 0.0'1"'10..
I I h,•• h I h,•• 1t I .bphlt L
I I ..C-lO tno I ... C-20 I ... I AP-~ Inu,hlt I ..... CO I hue. II I h •• fhlo Co. I II Ij
., 11.4.. emoll ,-, I H I ,-, rI I I II
." S'O." I ,-, H ,-,L I I I I,"1'f 00. Crovtll ,-, I .-, I ,-, II I I II I I
I .., St._ I A-t I 0-0 I <-' II I l
I. .uk
Tho OUro.o••• w... hoatoo 10 ...... "' ...npOfH.u
,
(llB C) for "' 10... H how ..... 10...'010',
"uph_'t ~.. hu<od H • ,npoatun of 180"y (lle"o foe 4-8
houco. Tho.
to .d....4 tb. d •• l ••• pTOp."'O••. ", .olaoeo u •• d wu
•••",<ivo to 0.1 II"", n •••pb." wu 0 •••• 010',<11 ,. ttl.










<o.tol ••• , ..d • p••• lbh .".r for .. phoU 'of'
Th••• pholt ...... ...
tho u, ro •• o. ••
HETHOD HOC<OUU.
In RAPID ASPHALT CONHNT TES!
"hbh " . Gradotlon ~hl," • 0' .. Under Mh'.'u
, C~."h"n Co""l.,.,,. Cu ••
Sl ••• P''''"I h ....1 ht.t •• d lotain.~
Sin Spo< • ( ... n) (oeo o ) , 0' uch
Lhlto , , 70QO OrnO
'"





". lOeb lO-1 J
" "
,..
~ .. , )4·)8 .. .. ' ..













.-, , .. ..
hbh ,.. Crod." •• LIB'" ..,
."
surto •• Ml><u'"
, C.o.I.,I •• Co..h,l •• Gr•••
Sino P... lng r.u'n, lot-1U. lo.. ln,_
Sin Spec • (u.n) ( ..on) .., ue.
Lhl •• , , lOOO Oruo
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0
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" " " "Con'oo<
ole'e 0' . .,. ... ...
0'" ~... I" • IU. I" .
,,, hell lll.d H9.z lH.b 141.0
". lnch 490.0 ,as .0 4aO,O <; J S .0Mo. , <; I 1 • II 407.' 403.1 H9.Q
•• • • 1 J J .1 lJ). ~ lH o' Il)' 0No.
"
1 1/ • II I 16.4 IILl I 14 • 0
"0.
"
lIb.' I H •• l1l.a 1 , 1. 0
•••
'"
13/.1 IH.• 1H.' Il J • 0
•••
,.. /8.' 11 •• 16.8 /6 • 0
••• ,.. 58 •• 18. 1 S7 .6 H.C
... .,
ou<o'o,. 1960 ,HO I 910 1900
(I", )
0'. ..
up.,l. .. .. ..
""(.,.. )
.... phol.
" " " "Con,"o'
.... v. ... ... .. . ...
01,. I" . ,..... g". ,...
,,, In,h HS.' lH .8 III . I 32/.6
'"
'n,n 1010.0 46 I • 0 060.0 4H .0
<0. , 394.8 3"0.6 336 .' 387.1
N', • 1Jl . II 130 • I !la.8 III .'
<0.
"
I 12. 8 I I I •• I 10 .' 109.1
"0.
"
lU .2 '6/ .' lB •• lil.8
<0.
'"
ll1.6 llO.1 118 • 8 Ill.'
<0.
""
J)'Z /4._ I J • II J 2.8
N•• '". ~6. 4
)).8 ILl 10.6
... .,







"h,.. " .. .. ..
"c..... ,
01 ... • •• • •• • •• • ••
01 .. J.' . ,... •••• '0' .
.,. he' n •.' ISS.! IH.' IH.II
h. • 1... 11 la.1l 110'.0 all.1I
h. • lSI.' ISS.! In.• IH.a
••• .. lU.' Ill.' lIl.t la' .9
••• "
110.' U I •• HI •• no.o
...
"
IU.' IU.l nl.' IH.1l

















010'- ••• ••• • •• • ••
OIu ,... .... ,... .u.
'"
tach LSD.' 108 •• 141 .2 tH.'
h. • HLO IH.O In.o la.o
h. .. 1010.1 ZOO .& zoz.> 100.2
•••
"
In.l ao.' UI •• a •.•
h. .. ISO._ 141.' I H.2 IH ••
h.
'"
lJ I .• no. Z lU •• III .'
••• ... H.t
14 •• n.' 11 oj
••• -,







Th••••••••4 .b.o.b••<u of 'ho ''''"«.d .ol.<lono fOT
.11 Iobo'o<o.y .Ix.. H' .ho". •• Toblo. Gb. GI ••• Gb.
Th... c•• 1>0 .how. 1 •••Olc.lly in 'wo w.y.' ••".110' Ii ••
(.b.o< of IIln, ......n.lt co., .. ,) o••• upo".'''1
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